Atmospheric particulates are a significant forcing agent for the radiative energy 17 budget of the Earth-atmosphere system. The particulates' interaction with radiation, 18 which defines their climate effect, is strongly dependent on their optical properties. In 19 the present work, we study one of the most important optical properties of aerosols, 20 the asymmetry parameter (gaer), over sea surfaces of the region comprising North 21 Africa, the Arabian peninsula, Europe, and the Mediterranean basin. 
line with intra-annual changes of dust production over the Arabian peninsula indicated 266 by MODIS Ångström Exponent (AE) and Deep Blue aerosol optical depth data 267 (Ginoux et al., 2002) , as well as over southwest Asia through in-situ data (Rashki et 268 al., 2012) , aerosol index from various platforms and MODIS Deep Blue AOD data 269 (Rashki et al., 2014) . Indeed, the production of dust there is relatively poor in winter, 270 increases in March and April and becomes maximum in June and July (Prospero et 271 al., 2002) . Over the Arabian Sea, it is known that large amounts of desert dust are 272 carried out during spring and early summer (Prospero et It is also interesting to look at the geographical distribution of monthly gaer values in 300 latitudes higher than 50°N, for which annual mean values were not given in Fig. 2  301 because of unavailability of data for all months. Off shore northern France (English 302 Channel) and Germany the asymmetry parameter has small seasonally constant values 303 (note that data do not exist for January and February). In these areas, the aerosol load 304 consists mainly of anthropogenic polluted particles, which explains the small gaer 305 values there. 306
In the Baltic Sea (values available from March to October) gaer shows a significant 307 spatial and temporal variability. More specifically, it is small during summer whereas 308 it increases, locally up to more than 0.7, in March and October. The smaller summer 309 values can be explained by the presence of fine aerosols in the Baltic Sea originating 310 from forest fires in Europe and Russia (Zdun et al., 2011) . On the contrary, in autumn 311 the local aerosol loading consists largely of coarse marine aerosols. It is also 312 important to note that the Baltic Sea hosts significant amounts of anthropogenic 313 industrial and urban aerosols throughout the year, but especially in summer (Zdun et 314 al., 2011) . 315
In the higher latitudes of Atlantic Ocean, where the presence of maritime aerosols is 316 dominant, we note a remarkable month by month variation of asymmetry parameter, 317
with low values in summer (values up to 0.59) against high values (up to 0.75-0.77) in 318 spring (March, April) and autumn (October). This difference is possibly explained by 319 the seasonal variability of aerosol size in the northern Atlantic. Apart from the 320 presence of coarse sea salt throughout the year, in spring and summer small particles 321 are formed through photochemical reactions of dimethylsulphide (DMS) emitted by 322 phytoplankton decreasing the aerosol size. Moreover during summer fine 323 anthropogenic aerosols are transported in the region from North America (Yu, 2003; 324 Chubarova, 2009 ). These result in lower gaer values between May and August. 325
Based on MODIS-Terra, the patterns of spatial distribution are generally the same 326 with Aqua, with slightly larger gaer values. At larger wavelengths (660, 860 nm) a 327 decrease of gaer is observed, especially for its smallest values. Further details and an 328 overall picture are given in section (3.2.1) which deals with climatological monthly 329 mean values not at the pixel but at the regional level. 330
Temporal variability 332

Seasonal variability 333
In order to provide an easier assessment of the seasonal cycle of aerosol asymmetry 334 parameter and its changes from one region to another, but also among the different 335 wavelengths (470, 660 and 860 nm), the study region was divided in 6 smaller sub-336 regions (see Fig. 1 ). The average values of monthly mean climatological data of the 337 pixels found within each sub-region's geographical limits have been computed and 338 are given in Fig. 4 , for every wavelength, both for Terra and Aqua. It appears that the 339 seasonal cycle differs between the sub-regions, as it has been already shown in the 340 geographical map distributions discussed in the previous section. 341
At 470 nm (Fig. 4i) , the intra-annual variability of gaer is greater over the Black Sea, 342
where it is as large as 0. More specifically, it is also known that Terra suffers more than Aqua from optical 405 sensor degradation. These calibration issues are known to affect MODIS AOD 406 retrievals, producing an offset between Terra and Aqua, and they are also expected to 407 affect aerosol asymmetry parameter, which is probably more sensitive to such 408 calibration uncertainties than AOD. In this sense, the results of analysis are meaningful and in accordance with the theory, underlining the ability of 434 satellite observations to reasonably capture the gaer regime over the studied regions. 435
Possible uncertainties of MODIS aerosol asymmetry parameter 436
The MODIS aerosol asymmetry parameter is not a direct product of the MODIS 437 retrieval algorithm, but it is rather a derived by-product. Since this parameter is 438 dependent on aerosol modes used and relative weights, it is understood that there can 439 be uncertainties associated with it. Therefore questions may arise about the validity of 440 gaer and their spatial and temporal patterns presented in the previous sub-sections. 441
Given that, as already mentioned, it is an aerosol optical parameter that is valuable Since questions may also arise about possible uncertainties regarding the long-term 482 variability of MODIS C051 aerosol size products, due to the calibration issues 483 discussed in the previous section, the corresponding MODIS C006 AE product is 484 displayed in Fig. 8a. Figs. 8a and 7a are similar in the main geographical patterns of 485 the two collections' AE product. The similarity between C051 and C006 AE data is 486 also depicted in the computed correlation coefficients (Fig. 8b) In order to evaluate the satellite-measured aerosol asymmetry parameter, we identified 512 the AERONET stations inside our area of interest and finally utilised only the coastal 513 ones, so that both satellite and surface data be available. The total number of these 514 stations is 69, and their locations are shown in Fig. 1 (open and full circles) . 515 Table 1 (Table 1 and Fig. 9 ), correlation coefficients are found to be the largest and equal to 528 0.47 (AERONET-Terra) and 0.46 (AERONET-Aqua), while satellite data are slightly 529 overestimated compared to the surface data (bias -0.035 or 5.54% and -0.015 or -530
2.43%, respectively). 531
It is important to note that the agreement of satellite and surface data is better in 532 spring and summer, for all studied wavelengths. Specifically, in case of MODIS-Aqua 533 gaer, the correlation coefficients increase up to 0.35, 0.50 and 0.54 at 440/470 nm,corresponding wavelengths (stronger overestimation at 870 nm and by Terra). Finally 539 we note an underestimation of gaer at 470 nm from MODIS-Aqua, relative to the data 540 by AERONET at 440 nm, while very small biases (<0.5 %) are found between Terra 541 and AERONET at the same wavelengths. 542
In Fig. 9 we present a scatterplot comparison between MODIS and AERONET gaer 543 data pairs. There is bias towards larger gaer values from both Aqua and Terra 544 compared to AERONET, with Terra overpredicting more than Aqua. The root mean 545 square error to the fit between MODIS and AERONET is very similar between Aqua 546 and Terra. There are concerns on the application of ordinary least squares regression, 547
arising from the assumption that as the assigned independent variable, AERONET 548 values should be free from error. We cannot guarantee the validity of this assumption, 549 so we recognize that the reported R and slope values from Fig. 9 and Table 1, if  550 viewed as metrics of agreement between MODIS gaer and real g, may be subject to the 551 effect of regression dilution and consequently biased low. This possible bias for R and 552 slope could be neglected only if AERONET errors can also be considered negligible. 553
With the above caveat in mind, the applied least-squares fit line to the scatterplot 554 comparison between matched MODIS-AERONET data pairs (Fig. 9) indicates that 555 MODIS overestimates gaer more in the smaller than larger values, i.e. more for fine 556 than coarse particles. 557
We present the frequency distributions of asymmetry parameter daily values (Fig. 10)  558 on the days when data from all three databases (MODIS-Terra, MODIS-Aqua and 559 AERONET) were provided. Fig. 10a corresponds to the whole area of interest, while 560
Figs. 10b and c correspond to two broad sub-regions with basic differences in the 561 aerosol source, namely Europe with great anthropogenic sources, and Africa, Middle 562
East and Arabian peninsula, with predominant natural sources and mainly desert dust. 563
There is an apparent skew in the MODIS-Terra and MODIS-Aqua gaer distributions, 564 while the AERONET distributions are more symmetrical. Moreover, the satellite data 565 distributions show larger values and smaller standard deviations compared to 566 AERONET, with the Terra overestimation being more exaggerated. The disagreement 567 is more pronounced in the sub-region of Europe, while in the sub-region of North 568 Africa / Arabian peninsula, the distributions of satellite and surface data agree more 569 thus confirming the finding of Fig. 9 based on the slope of applied linear regression 570 fit. Values over Europe are generally smaller than over North Africa / Arabian 571 peninsula (Fig. 3) , which can be attributed to the presence of larger size particles of 572 desert origin in the latter sub-region, in contrast to Europe, where due to industrial 573 activity and frequent biomass burning the presence of smaller size particles is 574 important. Therefore, the smaller gaer values (<0.6) in the frequency distributions of 575 the whole area, are overwhelmingly contributed by the European sub-region, 576 contrasting with larger values (0.7-0.75) being contributed by both sub-regions and 577 even more by N. Africa/Arabian peninsula at larger gaer. 578
The overall comparison between satellite and surface gaer data performed in the 579 scatterplot of Fig. 9 and Table 1 North Africa, the Arabian peninsula and Europe. To our knowledge, this is the first 612 time that a satellite (MODIS) based dataset of gaer, assessed and evaluated (against 613 AERONET data), is used for the study region. This is important, since such an 614 evaluated satellite dataset is very useful for many applications, like radiative transfer 615 and climate modelling as well as for remote sensing. The advantages of MODIS gaer 616 data are that: 617 (i) They ensure complete spatial coverage over sea surfaces surrounding Europe, 618
Mediterranean and Middle East, which is essential for investigating and 619 understanding physical processes related to aerosols. These processes are 620 strongly dependent on the aerosol radiative and optical properties, gaer being one 621 of the three key ones (the other two being aerosol optical thickness and single 622 scattering albedo). Such a complete spatial coverage is especially required by 623 radiative transfer and climate models. 624
(ii) They provide with spectral gaer values, at 7 wavelengths from 470 to 2130 nm, 625 which are of essential importance for radiative transfer models. Such spectrally 626 resolved aerosol optical properties can induce significant differences in model 627 computations of aerosol radiative effects (Hatzianastassiou et al., 2007) . 628 (iii) They provide a relatively long temporal coverage, i.e. 8 years, which is 629 significant for examining seasonal and inter-annual cycles and changes of this 630 aerosol optical property, especially combined with the complete spatial coverage. 631 This is also important since it provides a reasonable statistical bed for attempting 632 evaluations through comparison against other gaer data like the AERONET. 633 (iv) They constitute the first to know so far satellite based gaer dataset; until now, the 634 utilized gaer data in modelling or other analyses were taken from in-situ The asymmetry parameter decreases with wavelength, especially when one examines 650 its spatially minimum values, while this decrease is weaker for the larger gaer values, 651 corresponding to the presence of coarser particles. 652
The seasonal fluctuation is more pronounced with increasing wavelength in the 653 examined regions, which is attributed to the different spectral behaviour of the 654 asymmetry parameter for small and large particles. With respect to the inter-annual 655 variability of the asymmetry parameter, we did not discern very important either 656 increasing or decreasing tendencies, with absolute changes smaller than 0.04 in any 657 case. On the other hand, we found opposing tendencies for the two satellite datasets. 658 MODIS-Terra observes mostly increasing tendencies, while Aqua gives also a few 659 regions with decreasing tendencies. Generally, the largest intra-annual and inter-660 annual variations are seen over the Black Sea, while the smallest over the tropical 661
Atlantic. However, some strong trends (especially from Terra) may be due to 662 calibration drift errors, which may be addressed in collection 006. Along these lines 663 we performed some preliminary comparisons between 051 and 006 Ångström 664 Exponent trends from Aqua, which ensured that AE and gaer are very closely anti-665 correlated. These preliminary results, show that 051 Aqua AE trends resemble very 666 closely the 006 trends, supporting that the gaer trends from collection 051 (at least for 667 Aqua) reported in this study are credible. 668
The 051 MODIS gaer data is not a retrieved but a derived MODIS parameter. Given 669 that the retrieval is strongly dependent on the assumptions made, namely on the 670 aerosol modes used, uncertainties can be associated with its use in radiative transfer 
